Abstract. To explore a more reasonable earth pressure calculation theory, microstructure characteristics of soft clay in Hangzhou, Ningbo and Wenzhou had been observed using scanning electron microscope (SEM) and were quantitatively analysed using Image-Pro Plus (IPP) software. The relationship between porosity and contact area of soft clay was got by considering the microstructure. Combining soil lateral stress transfer principle, a calculation theory of earth pressure considering soil contact area was got. The possible reason of the differences between earth pressure and the actual monitoring earth pressure was analysis by the case.
Introduction
The calculation of earth pressure is one of the primary research topics of soil mechanics. The method of estimating water and earth pressures together or separately can't simply meet the needs of engineering, while these two methods are still under discussion. With the development of urban construction and the exploitation of the underground space, especially the construction of large underground emporium and subway tunnels, there is growing concern about the working condition of different kinds of supporting structure during the design and construction. Anecdotal evidence suggests that the interaction between the soil and the supporting structures is much more difficult than what we have learnt, and the method to calculate the earth pressure on the back the soil retaining structures is still under discussion.
As for these questions, the scholars domestic and abroad have carried out plenty of qualitative and quantitative research work on microstructure of fine particles based on microscope images in the past few decades [1] [2] [3] [4] [5] . Chen Yu-jiong [6] believed that, as far as the method of estimating water and earth pressures together manages to avoid the puzzle of the pore water pressure by seeing the water and soil as an integral using total stress strength parameters, there is no need to figure out the mechanical mechanism of the pore water pressure.
But Li Guang-xin [7] pointed out the insufficiency of this method and believed that this method makes sense from microcosmic point of view. Besides, he proposed to incorporate the view of microstructure into the study of stress transmission mechanism. On the basis of previous studies, the paper analyses soft clay microstructure and modifies the commonly used formula of earth pressure, followed by a calculation theory considering soil contact area.
2 The relationship between soil contact area and porosity Fig.1 . is the microscopic pore figure of some kind of soft clay observed using scanning electron microscope (SEM). We can see from this figure that the gray level of the pore of soft clay decreases from deep to shallow. In the bottom of the pore, the gray level is highest and the color is darkest, which is opposite on the opening of the pore. The sample used in experiments shows the section area is getting bigger from the bottom to opening. In the SEM figure, the pixel represents the area of the figure and the gray level stands for the colour depth. Different gray levels can be expressed by different thresholds, of which the values range from 0 to 255. We set the brightness of the deepest place as the minimum value, and when the threshold goes larger, the brightness varies from deep to shallow.
The micro porosity of the clay
Wang Bao-jun [8] , basing on the gray level, with the help of ArcGIS software, turns the SEM figure into the three-dimensional display image of particle surface which shows the 3D distribution of the pore in the soil. In the three-dimensional space model based on this idea, which is shown in fig.3 ., the area of plan in the horizontal direction can be expressed by the pixels, while the vertical height can be characterized by the threshold.
In order to calculate the volume of the irregular shape, we apply the means of integration. The volume can be got by multiplying the area of each section by the corresponding height. The different thresholds in the SEM figure correspond to the area of pores on different section. If we make the threshold as small as possible, the volume of the irregular shape can be obtained. Symbol Yi stands for different thresholds. Suppose the area of the smaller loop at the gray level of threshold Yi is i A , the volume of pore between these two thresholds is equal to: A will be extremely close. This time, the pore volume calculated will extremely approximates the real volume. This method will be expected to have similar satisfactory result, if it is generalized into all the pores (as a whole). The total volume of the pores can be expressed by:
Also, we can get the 3D porosity at arbitrary thresholds of gray level:
In this formula, m is the value of thresholds and A S is the area of the pixels of selected regions, which is analyzed by Image-Pro Plus (IPP) software. The initial threshold 0 Y is equal to 0. 
The rate of the contact area of clay particles
In principle of effective stress based on porous medium, Xu Xian-zhi [9] pointed out that the contact area of the soil particles is far less than that of the soil mass, which may apply to the soil with macropores or point-contacting particles. As for the soil with low porosity which has different kinds of contacting patterns of the soil particles, the contact area should not be ignored. Obviously, whether this conjecture is reasonable depends on the microstructure of the soil. In the microstructure figure of the soft clay shown as fig.4 ., contacting patterns of the soil particles is not merely point-contacting and not all porosities of the soil are large. So it's necessary to make further research to find out what the real contact area is, with deep insights into facts of contacting patterns of the soil particles.
Utilizing the statistical method presented in the paper, the 3D porosity of the micro figure can be obtained, comparing with the macro porosity which is got from the soil laboratory tests. When the values of these two porosities are the same, we define the corresponding pixel of the gray level analysis in the IPP figure as the contact area. And the ratio of the area of pixel to the total area of the pixel is defined as the rate of the average contact area ( CA R ).
The relationship between the contact area and porosity
According to the method mentioned above, we carried out an experiment by scanning the soft clay from three cities (Hangzhou, Ningbo and Wenzhou) and got 225 SEM images analyzed, accomplished by configuring the moisture content of the soil to control the size of the porosity. The rate of the average contact area can be expressed by the statistical mean of 5 SEM images value from each test specimen with different porosity. We can get the relationship of the contact area ( C A ), pore area ( P A ) and total area ( A ) as following:
R is the rate of the average contact area, based on average conception. The contact area includes the point contact, line contact and surface contact.
Besides we define
P PA A R A  as the rate of the average pore area.
Since the porosity and the rate of the average pore area are both representations of the soil pores, we can establish their relation as ( )
. Then we can get the rate of the average contact area as following:
In practical situation, the soil is in a humid environment and the double electric layer on the surface of the clay particle includes the strong and weak bound water. The water film thickness of montmorillonite is 210Å (or Angstrom), and that of kaolin is 410 Å. The hydrophilic property of illitic soil is somewhere in between both of those, so its water film thickness ranges between 210 Å and 410 Å.
According to the definition of the length, we get 1Å =10 -10 m=10 -4 μm. On the principle of the microcosmic measurement, the length of 1 pixel is equal to 3.448μm when the amplification factor is 100 (Chen Cui-cui [10] ). In the study, the amplification factor is set as 1000, so the length of 1 pixel is equal to 0.3448μm. In fig. 5 ., we can get the contact area of the clay considering the water film thickness:
Fig. 5. The plan of particle contact area considering water film
Combining with equation (7), the relationship of the pore and the rate of the average pore area considering the water film thickness can be obtained. At the meantime, considering that the water film thickness varies with the properties of the soil, the water film thickness is set as 200 Å, 250 Å, 300 Å, 350 Å, 400 Å, and 450 Å respectively. Statistical analysis is made to build the relationship of the porosity and the rate of average pore area, as shown in fig.6., fig.7. and fig.8 .. We can get the conclusion from these figures that the rate of average pore area considering the water film thickness of the three are consistent in changing trends. With the porosity becoming larger, the rate of the average pore area increases. The results indicate that their relationship can be well fitted by a power function. The equation is as follows:
In the equation, CA R is the rate of average contact area, and PA R is the rate of the average pore area.  is an undetermined parameters, which is related to the composition and the district of the clay.
The static earth pressure considering the contact area of the particles by estimating water and earth pressures separately
Assuming the earth fill on the back of the retaining wall is porous soil, based on principle of effective stress, the effective stress is transferred through the contact points between particles of soil. The lateral pressure on the retaining wall only exists on the surface where the soil contacts with the wall. Ignoring the effect of pore water, the pores are not able to transfer effective stress. But if the pore is full with water and the retaining wall is waterproof, the pore water pressure can be transferred to the retaining wall through the pore structure. According to the effective stress theory considering the contact area of the particles, based on the results of microstructure researches in the paper, the total stress acting on the retaining wall on unit length is as follows, if the soil on the back of the retaining wall is uniform and above the underground water level:
In the equation above, H is the height of the retaining wall, n is the porosity of the soil and 2 3 (1 ) n   is the rate of particle contact area according to the microstructure study in this paper.
In practice, the effect of buoyancy arising from groundwater on the back of the retaining wall should be taken into consideration when calculating the static earth pressure. Utilizing the method of estimating water and earth pressures separately and submerged unit weight of soil ( '  ) and considering the particle contact area and the pore area, we can get the soil pressure under water:
When the porosity of soil goes to zero, which means the soil is elastic solid material, equation (9) and (10) are the conventional formula of soil pressure calculation.
Application example
Calculate the static soil pressure and the resultant force on the retaining wall in Fig.9 ., where 1 2m h  , 2 4m h  . The basic physical parameters of the soil are listed in Table 1 . 
The resultant force by this method is: 
The static water pressure on the wall: The results above indicate that: the earth pressure reaches the maximum value which is 172.7kN/m utilizing the conventional method of estimating water and earth pressures separately, followed by the value utilizing the conventional method of estimating water and earth pressures together, which is 125.6kN/m, and the result of estimating water and earth pressures separately considering the contact area comes minimum, which is 84.57kN/m.
Conclusions
Comparing to the conventional method of forefathers' research, the method of estimating water and earth pressures separately considering the effect of the contact area of the particles on the lateral stress transfer, put forward in this paper, is consistent with the calculation of point stress but differs mainly in the stress calculation on contact surface. In the research, the influence of the material contact area on earth pressure transfer is studied, with more rigorous principles of stress transfer and more comprehensive theoretical formulas, which satisfies the stress transfer characteristics of granular materials more scientific. The formula has its preconditions and enforcing validity. Because water pressures act on both sides of the support in hydrostatic condition, they need not to be taken into account when calculating the anti-sliding and anti-overturning stability. Meanwhile, as for the conditions the excess pore water pressure or seepage water pressure can't be ignored, the influence that positive negative characteristic of the excess pore water pressure as well as that of the flow direction have on seepage pressure should be taken into consideration. For example, during the excavation of foundation pit, unloading effects lead to movement of retaining structures and deep-level strata heave, and in this case, the pore water pressure is negative.
Instead of using the strength reduction method to calculate the pore water pressure, the method put forward in this paper considers the real contact area of the pore from the structural features of clay itself, which corresponds closely to the actual conditions in a sense. But the soil is much more complicated actually, and the distribution of the pore scale may not always be uniform. On account that the influence coefficient of the contact area (α) has influencing factors within itself, how to calculate the lateral earth pressure more accurately is remained to be further researched and verified in numerous engineering practices. The rationalization mind of earth pressure on the support structure provides important guarantee for the engineering construction. Moreover, in addition to the safety and economy, more aspects such as multi engineering conditions need to be taken into account comprehensively during the design. Namely it saves investment, satisfies the demands of the engineering structure and really comes to achieve the double winning goal of social and economic efficiency. This work is supported by the National Natural Science Foundation of China (Grant No. 41672264).
